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(57) Abstract 

An amorphous insulator (4) is formed on a substrate (1; I, 2, 3) 
and has windows where the substrate (1; 1, 2, 3) is exposed. On the 
exposed parts (40) of the substrate and the insulator (4), a compound 
semiconductor (5, 51, 52) containing at least nitrogen as a constituent is 
formed to form a semiconductor material (1, 5, 51, 52). A semiconductor 
device is fabricated by processing the semiconductor material (1, 5, 51, 
and 52) or a semiconductor material (6 and 7) formed on the 
semiconductor material (1,5,51, and 52). 
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¥4-29702 3 -if £38 (Mtf tC*tf>#£»JtiJ^c£4#&8¥ 7 - 3 1 2 3 5 Of 

&ntz<Dttfc*m&Witzz>xm&&s, 290, 39 3f^t) &a&m¥-4 

- 3 2 1 2 8 O^&n^m^ZtlXK^o #&9¥4 - 2 9 7 0 2 3 
-tZ>tCZ>K&tV£. t7 7 'f7SfiLI:t:GaxAl 1-xN (OSxSl) 

5 z$$i<Dmik®*mftmzz.n?><DM&j:K)&&<Dz 00-70 ovx-m^-t^ 
#ifeM*<#^n5o c©^a^±tci 000-105 otoiara2 

l -rmm •? z> z. t *<m2& $ n-c ^ * e 

15 *5Ci^¥6-l 0 1 5 8 7 ^#(C^$tLT^-So Lj^U :©fi« 

20 o^b^#^{c^A$ns++ ur©#^*ii)65P^*^i;T^So 

MgAh O4 ^NaC 1 Mi^iMiit^M g 0^£g«K&ffl U *<D&fo±iZ 

~ !f(is 77*7^ - l^-iSSS68#(1996 . 

25 2105-2107 H (Appl. Phys. Lett. , Vol. 68(1996). pp. 2105-2107) (le* 6 ) ICT 

±%EMJm.ffilz&tLtt. ?0}§km (hexagonal system) S 
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5 SiSCree Research, Inc. £ Nor th America Phi 11 ipsi±t<D&mm$HZ X 9. 

g£ics icgi*«fflts:i^ co±tzMf8.znzmfc®!m#m(Di&T 

XmmmZl 0" cm-|gfi«U ft*lCtt^T0£©jiJ^Wfe¥#&U-- tf& 

BUI/? hox^xil 9 9 5^12^4Bf (i6 
5 0f) ^71 (NIKKEI ELECTRONICS 1995. 12.4 (no. 650), pp.7 ) (IS* 7) 

*TOft**ftl-tt+»-Ptt<. *fcfcfcffi£fcttlcttS i Cg&©*£H©XR6 
*K (3i£> 1 0< cm" 2 ) ^riS^-rSCi^^i^n^o fifeoT. S<b4Sl 

15 h©±# ns 0 

$«Iffll-^S/c«>©^?S^?gtt®^{c|igLX«mRLX^^Uo fifeoT, C©£ 

9 Kmimm&izm Ltzi&ikXfa&mv&m^&^mm&v^zm^i&mzts 



*f£W©Sfll©gttli. ttmifk (hexagonal system) ©*£li*3fji£W-r£ 

in -vmit&to*mftXtevmjt%tLTN mm) z^vzt&mmznz 

25 'm<Dnmz&& 0 ri^tfii^mj ±i©s i cs^fflLfcs 
ffiT*krarrsc<ta<iiiA>i 0 7 cm- 2 ©^-^x(i^n^T©^Ri^^ 

Tkfc*t©*tfe«i:-rSo 
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&w<Dm&xitz<Dmmz&z*+*)T<Dm$tbL<it&W)g. (mobility) &m 

a*tSCil:*S. fiP*». *f&Bjj©£S2©Btt©— JS1B*<a»-ttt»*is #^ 
10 1. 

*3S91#©-Att. *ttB8©«5fe«±3R©fflai<»:<i:S«fBPP7 - 2 3 8 1 4 2 
■^©EaflNcfc^Ts lfc©J:Stt^f*l'-1f*?£li3fcL-Cl,*-5o *©-««■ 
m*#MLT1iHM-S£ N (OOQl)C SmstTr^T^-A L « Q 3 ) 
~_gjjjfr* j§ ig 1 ±t^> ^I©-0Jk^ ^^ ' ( GaN^y7 7 l2 , nSG a N 

C©a««rtt»l©a^«5^aW*»©±iB (nSGaNjfe^l3© 

20 /x*>\ ai Bitm&m^x? 4- ©spas*, hi a«. 01 b©a-a' wf®^^ 

©*SadE«©«^EIS**±a©M«*^&Ktfi-r* nIGa NftaftftJI 3 ©^ 

bkk^lt. *©3?fc5cw^fijafift*ajji>*ctT. & 2 (Dm<m*mftm 

25 **-ra««<fc«i6S ct 9 tc;£ft£iK *©fifeft^iB*<*felMII 4 ±ffiicii LfcR 
»-Clfe«» 4 ±T?©fifcft£MJ&3-tir* iu6i:#^tt5 0 HI 2 ©Sfcfc^tt 

e* ©sratfto^gsm Lfc«s#©*®a<*fe«K 4 ±iBicat LTspfT5Erisi 
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^tz^mnv'O]/? fifes icjt^x^ 2 <Dmk®¥m#mv>&m&n j pnB i XM%: 

o-y ht^Hu cn^*§r H fiJcS^iRi{-^M-{kLT^iaiim^fs«M (tem) x 
m&Ltio ^mtt-is—rm^i^ n-^r-fr (o-ai 2 o 3 ) 
©cooodc ffijiicm 1 (omwrn^-mfrm. m&zu cmmm £*n*-s*fe*i$i. 

10 2 <omit^m^m(D-m<m^ti. m^momu^xm 1 oa^tia^NK* 

*D|U :Si0 2 I (*feltJg£) ±T?fiJcSb^2c7>^b^#<*S©*S^P(S 
fg£tel0 4 ~10 s cm- 2 ©|ga^cn<t*5 t><g;W^ 0 CtUZttL. S i 0 2 © 

15 BMaHc-cas 1 <Dmit®*mftma>±mfrz>tiLM: Ltzm 2 ©a^t«4aiM*s© 
t**So a^§sp7?fi£gL^2CDM^^M^t>ns^R5 mm 
ADv *©r<-g&a<s io 2 ±\zmj&$ ntzfz 2 <Dmit®}*m&.mizmL aix 
mts i 02 (Dm&%mfr*MnzK~3tix&mzm.'j>Lx\,*2>o zoxv&ozs 

m&£&&mvxmik®*m#igg&f&M:<D&<omi& : &#m u *©»^jsfc««* 
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' «h mm&mmi. txmu z&m&miRiQ\zttmmmiR&tg&i£g;X'& N ^ 

cmti*-AJji&3fr<Dl&§k<Dmti[.mm (unit cell ) ©M^B^iJ^rgl^ 

fe^* h;U) tLT^lBSnS (a , ttu a* *Jk a 3 lA^HfiUc^iS) 0 M2 
X*ti. Ill «HS^F (Ga, Alf) ZBiVZ. (N, Asf) 

jb^a^MJ^s ^agg^ag g^ g^s^ -e©(oooi)c suc&tc 

agj^ ^MT^SC ^g2j^ ^^^69^ ^jb\ /Cfril^©^!!^ 
ifticfc^ia, ffb&tfa* Sateafchatf b&£k«gaE$ft. C©^ia[cSo*^a 
25 |ft % bfciu cttitiSSUOO] . [010] . [001] *i6*&£fc[a,b.c] £LX&£tl2> 

Lx&tm, ±&<Dm i (Dmitm^mwm^m c^^nm©-* ? r -r t*s 
na&© (oooi)®±(c c tti^riRi i;xf^y t /vjifcs Lx^sci tmmx g «t 
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*PM2 : tmmtft&MknoS i O t . S i , N 4 (SiN, ) , Si0 2 : 
10 P 2 Os (PSG) x S iON&tfTa, O s T'li. WM^fcJ&sfcSnfcJfcfb 

*Ij|3 : «&ttM^A«lii j S:«-r« SiC^>BaTiO s "etix mita^mtt 

SBKEffin*-£^jg (1 0 e -1 0 " cm- 2 ©tSffl) T?»afc»a<3ft&LA:o 
• fcH.4 : Zh>lZ^ *7r-fTKfiO*BS*Ga-f*>J«WTf8|J»«»C*aR'fb 

u c©*ffi±{wS^b%¥»#Ji*jatS*-a-A:<!:c6. *sa«i&a<8y#3n*:^ 

20 ®<k*H«#«c*ai^b*ffiiTt>»aJ5Kfi3&<§l!*6L^o #aK4b*ffli±»c»ift3Fti 
^fS^b4»^«c*©feaX»«*ti^a^*W^**Si±t-ifc^fii^j:*<& 

*>. sio 2 K±oa^b«j**«:Ji^s&n^»a^BB«*»cik-«T^s 

(1 0 6 ~1 0 B cm" 2 ) Z.ti)<mWLtZo 
25 1 0 B —1 0 " cm- 2 ©$g|BO^CD^R6*<mt>n^o tt*>\ COH^Col^T 

r^2 : a^b«B^*#©sati. T*ftttt*iM*K*<*ait"^**t^»*<si 
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10 gKfcLTffMSn^MlgS iO 2 110 l*ffll\ COS i 0 2 )^{c±£fc©g 

tZo 

"^JC^HSJS i 0 2 Mg^fiJcMtl 0 3 OtlCft^ T>^-T5?IB^ 

is -eny *a (tmg) ©#;**tti&-r<5£. _b«©«fea*+iC,^cA 

&ik^^fL&zntzXm(D&mte±&<Dm$l&.f$LM:<Dm. ( i o 4 ~~ l 0 5 
cm- 2 ) SrS^lcTlHl^ d 7 HaoTtiilfitlCi^i^SfcOfei 

^#«D*£iiJi£gJgM«£E| 4 A- 4 E iZTFt^rJlt LT^Lfco ttfcB 4 A 
~4E0tfWli, Gal? (Ill ft5c£) £e*u NI? (V&5g£) £H 

(atomic migration) £Ia -5 D zi XDm.^MlZte^TT? X^©7t -y 
^liLTi^Lfc (E14A) CCD^TTT>^E-^T5?ffl^{ClS-r<i:. ^ffl 
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fSL=Fit. Ga :N=1 : 1 tt5<fc«llH:©^T«-fflti\ W*>it&®Z&ifc'? Z> 
CiT^btS 0^4 B) o 

m g * t tmm±iz&frt sGa sm& t n i © Jta<±&<zMk¥ 

10 Slfeifc(ciao'<o (BL. Ga^^NH^fc*fei^m±{^^Tii^itJgT'«)^lHl 
SOt\ CtiG»*<«Stc«^-rSit*tt*6»fflLh«J:H«$nA:G a Novate* 

^£#M&£n£NJS§m&.tfG ail^©^T(ill®^{wG aNCD*Sa©fiScg(c^ 
15 ffU G a N3M£atiAft&tt©mtt£#£ooJE;Mfc^S (EI4E) 0 J£Lh© 

^asttito^^ig^sn^-rsii^ss^j; 
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Ga, In, T 1 m7tm<D'J>U< £ lSiN, P, As, Sb, Bi 

20 *)&'ovm5tm£LxN mm) ^-kv^m^^z^xn^x^tztK *fz 

mmUl - VWt&m*&feX&*)K~o-tt&% t (hexagonal system) ©*£i££r 
tt&*mftft&lZ^XbZtlt>(D&.ni&3k : $:7 4 ~ K> * 

nmz tizhvizm&ir, m^^<p± mz^m^m^m^- s tz fc©s^^ 
atto '~ ^ ~~~ ' 
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5 si±<D*mmiUKM u ii ©n«©±i2m 2 ©is«±{cj&g $ n*:8&#© 

15 J^©^fl^4©«aD5r£teWU <fe*WJttA55FS*«J6©feaa£«©J:fi5 
KJ&jifcStu moa£gSB£W-rsc<t£4#«fc<!:-9"£*>©o 

<c*>\ ±jfc©^»(*ttfiatf*©iias*as«. 
©&g©3fe^m-rsis^?©tt^t Ltag$nTt>siw^ sn^ 

III 2&tc*( t Ga, A 1, In) ©4>tt< tfclliN (ST*) 5c* 

2. ^(*is^©^ffl 

25 tiiii$n5f$Mii:^^T^ ci©^Px.f^+>'+«M(oi:^(cje 
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ti z¥mftm&&§km<o&mm±mizmf& ttz tc*> titmzm-t z 0 bp 
^m^xu, %¥mmiz.f£^&&&xm®m<\ o< ~i 0 5 cm- s <z>fg 

25 0' -1 0"cm- 2 T*5 o 
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zmmjimz t° * * •> + £ -a-ntf. =1 > ^ ^ h s^o p mxit n m 

V-7M&M*X£2> 0 HEotay^ hJI^©^*^ K-^tCfcS* 
5 1 0 ,8 ~1 0 lt cm- i *-y<D^mz-£X"t5L7£-e£2>o ^Ofe^ ffl^tf^NI 

^■rojftii (BH^CBuried Heterostructure)) ^©X h^-TT'Elittc.ko 

' mtftmm&mm&tem*- v&&*t tx&itKm&xz &<Dxi&MmMMmw) 
is fF{c{i^{cmg^*So *mwxi-t, ±&com&&xmfflznznm±<Dft& 

-SCt Tte*IW&©¥#£M£ii^ £ file 5 ftig$UI^f£fti£feJi ICS* w K * + 

me* *k fi^^^as^iiEsa^*^^5#^^©^<bi5ji^^s* 
ma. ^i^x.yf>rjuiLtMLTUi-^\ cn^ft^T gnosis 
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^ «fc 9 tcfll^ £ c <h X\ ^OffiRflm^nflF^-SBI -5 C t *<X £ Z o 

ffl ^fcj:^ti(t afeS^rte^(lll) i<h ltfe<o ;©St±!CX h7-f^i 
aft^ftMR-rSiSlcM;* ^*«CD(110) ®KMifiT'&£;K Cl-10)®lcSifiT'fc 
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< . c©^+4wwcj&j&$n£ v-xm r-*i«> 

Sr&^st. -^ic^j&sft*: (&m-rntf> a&8£SB©*iv,o *sifio^ 

10 (HEMT : High Electron Mobility Transistor ) K&m-tZ £2&^&TT?*5o 

^^©^^lit^w^-s^^^Mii^T'^^ns %©i-rso ^-rn 
«s^) (±^$n^^t>©t-rso c©^^/c^-^©-e*ntfM^s*t^ 

20 #^ir«±iE©5t^W^«^i-o U-lfWlwfc^Tlis 1/— !f3tl6S©A:© 

tr*^©*tt&-f % &ntm=f- (led) . it&mft, **»bto. m 

BBl;a&J6*^ Xtt»^$H4-*^©t^tl*M-f«Jffl$n4o * fc* 2 ©^*(*S 
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SllAli, *%BJ{c<tS^(*U-ifm^O^«iitcDi^»r® (Ell B<DA — 
' A' Wr®) £^-El-e&So 
15 El 1 BtiEl 1 ACO^#{*U-if^Olfei^|g_hiB^^-rE|-Z?*So 
El 2 A^^^©^^,«ig©#fe«|ii^^i-El-e*^o 

l3Tr&&o 

El 4 A~ 4 E(*> *^aj©S*«E±{c^S^^K«|it£D^M±T'CDG a N*S 

20 &i&&*^3&\m\z7fi-rm~e$>z>o 
El-e&So 

El 6 Ali. *H£Bjojga^Sft^^^:ffl Lfc¥##ME©*g:/ d*x^ 
3"£ElT<fc£o 
25 El 6 B ttijy»{*:*«©-^cW©«Wr®Brt?* 5o 
EI6C(i, *m#&W<Dfc<D$Ef£M<D®m\-e$>Zo 

mi Ait, x&wcDnmm i ©^^^©^Bo-^j^^-rEi-e^So 

07 C(i^©fte©^J©M»r®EIT'*)So 
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m 8 a te. xmrnvmrnm 2 <D*m&im*(»-to<otmmmT*& & 0 

EI8Cte. ^©ftfe©0JCDi®»r®EIT'&£o 

m 9 Atix *f£BB©ii«i 3 <D¥m&jtm=f<o— w<Dm$mmT*$>z><> 

5 El 9 BteEI9 A©^*{cm$n'5^^X^©±®B3-e*So 

eii oAit ^mM^mmmi^^mw^t^o-momwimm-c^^ 
mi oBit eh 0 A<Dm=F$nzj&i3LztiziieiMm-?*?<D±Mmx*$>?>o 

Ell lAte. ^H^o^jfg^jscD^^^^-^Jo^WrffiEl-e^So 

10 mi 1 Bte. eii 1 A<Dm?*izmf&znzmmm-?x9 <z>£&E\T~$>2> 0 

El 1 2 Ate. #3gBJ!CD^iife0»J 7 ©^(fcJ^?©^©«ltf[fiBlT**o 
Ell 2 Bit. mi 2 AO#^+t-^^nS^M-7X^(D±®ElT?*So 

ei 1 3 ai*. 8 <D¥mfc3tn : f<D-m<Dmmmmx'&z>o 

' m 1 3 Bte. Ell 3 AcD^Efl-^^nS^fe^^x^OiB^^So 
15 EI 1 3 Cte. ^©fi!i©faj©ilM®ElT&So 

Ell 4 Ate. *^o^«E^9<D^i*7t;^©-^«f»f®ElX'*^o 

eh 4 Bte. mttizmj&znz&Hm^xt^&m&TF-to 

mi 5 At±. ^B^tDHife^i 1 0 (D^witm^v— m<DtmffimT*&z 0 

m 1 5 Bte. EI 1 5 AO^^^fife^ttS^^vX^OiSEI-e^^o 

20 m 1 5 cte. m^momomwiMmx^^o 

mi 6 Ate. *^©HJ(l^l lO^^Tt^TO— #j©*TO5ElT*£>So 

ei 1 6 Bte. ei 1 6 Aom^\zmi&znziimm^x?<z>±Mm-t:&2>o 

mi 6 cte. m?<Dfli<?>M<DtmMm-e&z>o 

mi 7 Ate. *^<dh»ii 2(D*mwit%=?<z>— mvfflsmwe&z* 

25 El 1 7 Bte. Ell 7 AO^^tc^^tlSm^^X^OiSEl-C-^So 

ei 1 7 c te. m^cDftiiDm&mmmm&TF-to 

mi 8 Ate. *&w<D$mm 1 4 o^<*^^©-^i©M»f®Ei-^^'So 

eh 8 Bte. m?*imi£znzi&&m-?7.?<D±mmx&Zo 

mi 8 C te. S^CDflfeO^lOSE^fSEI^^-ro 
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eii 9 «s m&n^mfkm ctem) tzxfom^ntzmsD^n^i-^M 
si 2 oti. fegmFf-mmk (sem) ^^(omm^ntims azm^-t^m 



*&wom:&&fcz*mtoi&Mk&M:&ffiiz^Tmii-Zo comm. 

10 <*SH,Ji£Si£ffil > 

CD(0001)^®±(CS i O* M^fiJc-rSojCtDX^ti. ^IfiTV 

&g%a&7 «yg? (hf) ?hx-v=f-yyWL h) tass i Oz n©o 

20 3©II^b, El 3 A~3D«:#ILT^t5 0 f 2©II1r 

mz>titzm&$m4 ons i o* j£4 oai*. s i o 2 4 £>fc4o 

ti> *ff©t©*<#r^4 - 1 6 4 8 9 5^- (*S#fF^5, 334, 277 ■§•) Icg5*& 

25 — o£ T :^^T#X#^ffl tcffl^/^opl 3 tPXjjtcT, B&*laflE 
(760Torr ) (CUT. ^©^CT^-T (NH 3 ) #x£fefr2~5 U -y 
(2~5 S LM) . h 'J /flsifV tj A (TMG) *r**45$M& 1 0 c c (10 
s c cm) TjittWtC«t&L. *FrtJC-tr.y h Sft*:-*? r -f 7M^M&$ 1 
o 3 oricinafcLfco V 



1 . I&in 
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5 oa<Jfcfiit£ft£ (S3 A) o -?:0^{i^±f-*^t7Nftfe^3ioJ:^{C 

*JBJfc*-<5 (H3B) o C0<fc9fcB££#KJifcfiLfcGaN*gaW:x t7 7 'f 

15 SB 4 0 <D*tt:i?& 9 oxk7 + i/f 5 1 ©fliJ®££rrt:teJjfcSJ?® i LT 
S i 0 2 JgvX? 4±ffiK»-5 J; 9 KG a N^h^O i b" ^ * •> t Mfi^fe 
(0 3 C) o flP^x S i O2 4±S»CJ^JifcSn*GaN«fa«Bffi 

S i O* 4±*c^Sfe$nA:«**MWlc**itr^ + ->^yW»5 2 £ 

20 Bf^ 0 0 3 C£D»f®g|^S i 0 2 4±H8A^lSix *txk'^ + i/ 

WUS&5 2 0° ©^Jg^rW^SIHCi^fiJt^nTV^ (gj 

3D) o :ni^7Pxb7+^t/H|S5 1 *<A^a^{CfiJcg-TS ^ 

KtcSfcHjj L A: <fc -9 IC'v-r- a i f 9 * •> -r A** 5 1 {Cifc^T**^ t? * * •> + A/«J 
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5 2 Iz&QL-fZU&XfoV&mfrte&izm.^C t*f£M.Ltz 0 m 1 9 it. H3 3 D 

5 Offi£tt£4M<Z>fHK (EI 3 D©'Vr'Ci.x.fcr**'>-*'7HP5 1 ) 7r 1 0 8 — 1 0 " 
cnT\ (g|3 DCD^*if^^i/ + yPSP5 2) 7? 1 0 4 ~1 0 5 

cm- 2 OlSffl-e*ofco fifc&aie»wisttSGaNe»|Bi|5S©^ft:ii**j. 
+ 5 2tCfc^Tfc5t^^n/c 0 C©3giUia^£^&¥iT&&&© 

■q^L. ^{*ffl©*PlB&]gk^*l 0 6 ~1 0' cm- 2 SJgT'*o/c 0 

- (i) t (2) ^-r^a-fex^jiig-r^oTsicDet^ifc. **rib-^*->+ 




«g^gjj5^g gg; 1 ± i:^QBS§8g^oS i 0 2 SI (Xticntcft^ 
J»J&ojS6 A-EI6 Cti. tfXttmWTZ^&tK* ^.yf^ 

T^»fF<&ff9^^^SEI6 A (2) O^SffltSCiA^L^o 
0 6 AO (1) Rtf (2) it. ^@1 0&M&L1z&lZ&mJifZHzm'>y 

25 ♦ffj^Pte. 77? 4_Llc^$nfc^*it ,, ^ + -> + ;USP (GaNI) i:n 
lOW«I* K-^U:nI?7«y 6 2inlOA l.., s Ga,. bsNS^S. 
tt£^a|&Ji 6 3s T > K-y© I n G a N^SS^PSj^&ttSjgtlfeJI 6 6 % 
piOAlo., 5 Ga». !S NH^5^| (HJ^F-tir-r) „ plOGaN^W 
5^7«;KI6 5, pl?77 K®6 5 cfcO^^SJgOT^^t^pMGaN 
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i&to&$W 6 d&tf-s** UT^Am^$ois-5"^o fin*.. :ol 

?TlinS©G aN!67 *<^fijc$n^^lS^©TSI50?£tt@^R±©^l!j 

El 6 A© (1) Rtf (2) frt>BR&frT'$>*>? 0 HI 6 A© (1) Sl 

(2) ©M&fijtcfc^Tti, ^©^{C-WJDHJ-tBU^^lffliJ^^ -y £> 

10 ®^5„ 

' -? 2> iztb K t£ £ titz i> ©-£=£> Z o 
SiO 2 I101 1 ©Hi LTv SiO ! SLhtcG a 

EI5A (i) iz^-r^^tmrnm^m-r^Mi^mm-r^o :©<p«sis 
y x;u©geB©#ifc^£G£i:ffH- *> + •? - • ^ y K^pi«¥^o 

25 #£#|7 6 OTorrKl&tL*:^ ilMLfcS i 1 0 0£*feg^£ o ft 
jc. S i SIS t ^'xi^y X;P©F B 1i: 2 fe©7^-f t -^iz-h^At^ 
Z<Dt£, ±^ZfU- h©T'*-?--HiS i O2 J^l 0 1 ©^fiSteS!-^-^ 

h'J^fM'JO^ (TMG) rt7>&±&&fe?4 1 Osccm"fimW 
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ktmg#x£-s io 2 iio i *s±ic««&-rso cntcct^. siOaii 

0 1 iB©iMfei©*tcG aI?0*jS^b«5^ 5 3*<J&£U 

5 I2 01g1f{t Ml-T>^e^T (NHs ) ii^yU^^^ >^t>2~5 

iSfil 0 0«r*A/^&j»l 0 0 (mcjta&-rs (EI5B#JR0 o Ctl 
Kit). &5 S^jftttK^tcGaNttAOjAS^M^U 5 
4*<S i 0 2 Rl 0 l±*cj&jft$ft£ (0 5 C) o 12 0(1, El 5 Ctcffi^-T* 
10 3E&m=?m%km. OEM) «-e*><9, SiOilllO l±i:M^^GaN 

*l&^«tt«I5 4£<S i0 2 Jgl 0 l&fi£tt$9?1|i|t;:|£Aj£5 
Srlkfe. *£II5 4 3&<^J5£ StUCl^S i0 2 J^l 0 1 ^®<£SB#tfjK:iL . y L 

15 fifctCctnti\ EI6 C(w^^nSck^{c^>fb^^©M«|3t5 5 a^t>fc.S3i : y■ 
c!;^^<DSgi&[5]^&7 0&m— <DS igtl 0 Oilct; 'J ->-y^i:Mt5Ci*< 
TSZo COJg^ B1MIIR7 0^»^-rSOT^af^^S«iS5 5 

±m\z&.m-?&vmmfei 0 £sg»>iH]&7 otonmctf^-r^ >ri l&mjfc-t 

20 SCt l/— tf* ^ - n y »J y K^3&<H5!T- § S o 

£/c. ^2©IglCTS i 0 2 Rl 0 l£Ii:ISS5 4*Br*fe/j: IB t) (10-6.. 

HF^Ox 7 f+> ht?S i 0 2 JRl 0 1 £jg#U Hg5 4(hSiggl 0 0 

25 CO&fatfmt, IftWftOx + •> t ^iltSfflSSi LT^&«*lTl* 
St$n^S i C« *>(£*&AXH5lB£*<tel.\, &-oT> HI 3 ©XgT'#t>tlS 

TrS i CdJ&S &<D-Sr&£ 0 
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(pseudomorphic device) ZmfcLtzt £ t>> te^fg^rSSAKfl^aJI^Pfi 

£E|5A (2) ^tlLT^t-So IIt:#if©S i Oa I& 1 0 l£J&j£L 
10 /cS il^lO 0^-rt>Il^I (S IMS) i:iiU Ga^*> 
%1M&M& 1 k Vs J&#t»l xl0"ions/cm ! -?SiO ! m^Mlzmtt 
Ltz a ZZ.X*mmLtzS IMS(±, — ASKs t a t i c S I MS t®$-l2tl%> & 

" MSlimdit^fil 0" 5 ~1 0-Wcm ! (DJ*y%:Q. 5~5 k eV©x^ 

is y^--efimKJTO-rsa<. sijotoos i ms izteMmmm 1 ~ 1 o o m a/ 

cm 2 0-f5j->^5~3 0 k e V ©^*;Mr--ef£l*-£- So &#<E>^ 

S i O z m^ffi^OG a4*>m%ilt, **>\z-t*(DW.&&S i 0 2 W&M 
20 ten 0 0 ktUZ&o\z4 * yitf&k~t:& } 0&?)-. mm&fffllt$il®tLtzo 

t'-A^lSjLTlTo/Co C1CDJ:?(;:LTS iO z J&^SICG al^&ttitt 
5 3 &mj&Ltz'&, S iSf 1 OO^S I MS^£BKD Hi U ±i©->t7- • 
^s>y K^P{-^LT^2CDXM{CA-So C©i^ 
25 (Nf ) -e/<-^$tlT*iO. £tzT'<-1-+ •^l/- hli^ntl^o S i 
IK>t9-^yhK«iL^ h'J^f^'^A (TMG) 
_bS&ttiSS^f >^£> l Osccraf, T y^E—T (NH a ) #x£TOT;*£^ -f 
>^b>2~ 5 SLMf^t^U IrI^IC S iStl 0 0 £>&j l 0 0 

0 °Clzmm-f & (H5B#I) o ±^©^2©Xg<!i|5lL;-Z:*>^o 
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\&±.\z&^tz4*>\£-l*X®.*mitttt&Xte. static SIMS 

&mmx%zmmx&tu^ mvmwzmmLxhm^ ttz. t*-A 



10 jbtt\ ^izxmMLtz^m^m^&mm^mLtz^mw^mcDmmzfj 

15 fc^-C. fl;ttf(0001)C B^W-r ^V^ r^Tj^asM^h j^HS^ 1 ±(C 
GaN /<-y7 7 l2, nMGaN jfe^fe^ 3 £ T^l^^^: J: 

T^j££ ftfc 2 LTs n SGaN ftag&S 5 U 

tiHfc^ Slili^TAlGaN ItftMm t^ftM <hGaN JTFIIMJi&tf 
Ga I nN BE ilt?#Pl^ £ S Effi^SS^ #Pffittl 6 . p MGaN 
25 17, pMGalnN hJl8£!M&I£<:r&o ';v^7>(-f:J;^ 

*fe*t$ivX7 9£t£t;f"r. p{|ijm@l 0 £n$J«@l lC/^-^Ift^o 

x h7 4zftzmm*j]faiz.mMLx&Mmrmzv)K>tiiu x^-r^c 

•tO^^HtLTU? Alc^-r^«tWrffi (S7B0B-B' Br®) £»5 0 
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mmm. ttsct^Tis &mti&&m * 1 ~ 3 # m©faH t u ^ <t £ m 

5 10'7cm ! 0|BfflT*S©{C*tU J&tI?X^±Tlit^xh7 + ->t/l' 
&g£:|£5iT?£*§Il*R§®Jg ; £ 10 4 ~10 s /cm ! £D«Sffl*^nJ:0 

nm^m^fDm^x k> %> 1 / 3 —1/4 c^T'^t-^o t*x 

'2>5£m$iM:l*4 10 — 4 3 0 nm©$Bffl-e&o/c 0 

15 $.tz*mMm<D2£m&\&WT c c07b©b-b' wf®) la^^tso ^ 

£3 — 7 jtrnKDlEffli'rSo £ £IC'J >y >*X h 5-f ^©Mffi'Jf-SiiJI 1 2 

L-cfc, gim^^^^to-r'^LTfcck^o 9 *»ttT*« 1 0. 

25 ^tccD^.m^t^A^--5» 'J -y ^x h 5 -f 7T#fi£W LT^Z<DX; GWmWZ 

IftMlsU Mt-*3«J-«l6iB4fefitt4 1 0 — 4 3 0 nm©Iltfeo/;o 
<ftJte0>J2 > 
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*wn<n*mw : gm.v>ttL<Dm.Mm*m 8 A&tfm 8 b e>i»wr So mum 
*fe*sig9-e#'<-LT:fc<o *<omt. $mmi tm&wfv-bxzm-^ ms 

15 < £ 2 / 3 ^ £ 1 / 2 OiEfflfC^-T S C fco 

^(i. ^{C*>^T^|g^S4 1 0~4 3 0 nm£D|Effl-^U-ifi!jflFL/Co 

Ei8c^(i. *iatew©^««rWfi5ia-^^'r ceisbcdc-c* Wrffl) o ^ 

?ofti!llli»aH8 A©*g£r<!:llire£S^\ I8n-ML^ i7C 

£ 2 / 3 j^t> 1 / 2 ©teffifciffiireSfco Sai:*5l»T 

fgg&S4 10- 4 3 0 nmVmm-VU—fMftLtZo 
25 <HJfe^)3> 

E19 A(i0 9 BOD-D' Wf®) « %=?<Z>MffcltmMM 2 JCfctf SEI 8 C tm C 
t&§kf$L&T~¥foi>^ 4 (g§B#SP) 4 0(ig|9 BiC^-tJ: 
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o*t«T**o **^t?tts in 8 com?**) bmMftizftffig&m^itmtem 

TMiS^4 10 — 4 3 0 nm©t5iiT?U— Ifl&fFL/Co 

£rf*LT— o<D%m&M J Pft1tm&m*l&f?Z>o ^fcA^fll&Wurtzi te#fi£<D 
IlI-VSl^(tcT**a<b < ft¥*(**t*4 (Nitride Semiconductor materials ) 
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4 1 0~4 3 0 nm©|gfflT^— tfl&f^L^o 
5 <nMWA> 

*mmmmmzm 1 oa&^i obic^^-st-So m^-oftmimm 

10 *£^lii&£f1?$hr-So Ell OAttEll OBOE-E* «f®^-To 

15 fgjg&fi4 10 — 4 3 0 nm©gifflTU—tf»f^L/Co 
<^»J5 > 

*HB^oiikii}ii0>j^Ei 1 1 A&tfei 1 1 Biz^omm-? &<> m^-^mt^m 

GaNJI13, T> K-^GalnN/AlGaN -DBR«|igii5S^ 1 4 (D B R = 
20 Distributed Gragg Reflector ) , nMGaN HMWiM 3 ^fcSHj&S-rSo £ t>(-x 
g|l 1 BlC7jrrj;9l-. jEAft^^ 3fe&j|^ 

*> < o HJfe^J 1 tHiHcLTW 8 £T~J&1& Ltz®.$\ ^^T7 > K— 

"/GalnN/AlGaN -DBRM^Itll 5 £&ftj=fe§-f 5 o DBR«^R«t!g 
1 5{}DBR*$&i^£|*l^l 4 (hPI^ &£fc©Ga I nNliA 1 GaNit^- 
25 ^St:iILTfi)c5«IiMftS, 

*^feWD=t?fc. aitftigsfltii (36«ttflBfi-rs) £*r*-s*N«*i/— «r 

mttrpm-f2>m&. D B R8f&iiiSlflgS l 4 <fc l 5 Gain NSRtf 

A 1 G a NS©^< £ t>-Jj<Z>7tmmtfli£ (G a : In^Al : G a) 



WO 97/11518 



PCT/JP96/02663 



Z.tH}<mtL^J\iti. DBR«M5lfJil 4*4. fitt* B SrSM^F* 

Jll 2£*Ia6i^ ^J^9^fiJtt-So ±SPODBR«^KItlll 5(4. & 
9 fc&lC, ^(*D B R*fjg^RIJi&£ LTafctf. ^-y^V^LTEl 

10 1 1 AO4-5i:MtS 0 f<Dft^ pfllSM£n#]^@£3l»Li:> Xh^-f^ 

eii i A{c^-r^^st»f®^»s (eii i b<df—f' mm) . 

20 -ei4. DBR^KR^JCioT. SS® (D B RfititiURItm i 5 <D±ffi) © 
Rft^ 9 5 — 9 9 %J£l±CDi^^fit{C^fC|5^-eg. HJfeflllri^lC^Lfc 

$ < tr£/co 3 o^fclt^T. 4>te < t &Mttttft& 1 / 1 0 1 / 

3 0 iz&m.i-zz.t&Blf&T'&itzo *^(4. ISi:iil^?gStfi4 1 0~ 
25 4 3 0 nm©iEffl-eu-1f»jfPLfco 

<IWI6> 

ftbOC. 1 ; lr^^Wurtzite«|ittr*«9*^®^aA<(0001)C ffiT'&S 
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SCi^fco *^Hfe^-eti. te©2dfe#U*9 t^V^TS&f^-r^U'-lf^ 
^ISfco *SHPtt. MJCfcl»TliBfi«[ft4 10-4 3 0 nm©*gffl-eL/— tf 

10 <||Jfe^7> 

' mi 2 AJCfc^T, ^(i'(OOOl)C i^Wnt7 7-f7( a-Al 2 0,) 
15 g& 1 ±IC N GaN ^'»;77i2, nMGaN 3t^&JI 3 ^-eW^M^fi5cSjiJC 

->4 0£U ix 7 f vnciOMtSo COi^ tt^ttJSfli* 

SrSfttffclfetilgvX? 4(D£:ttft$:s$ta- AI2O3 SSI ®(ll-20)Aifi<!:Mtt 
^FlSl{-lft^LTfc<o <fclc. nMGaN 5 ^^JcS L*^T|S|»c^(*LT 

AlGaN 3t#mmi:&!t>mtGa.li S : ?IMJia.t>*GaInN «^#PJIj{^t>ttSffii85l 

^M?#FS14Ji 6 , p SGaN 7 £0 ftlc:. U 

<Cj;*K «a«^X^8*lfttt*o St>K N pligl Oinllgl lO'^ 

25 *>mu x9 54 7\z&Qm?*ftmLrELi 2A&7fi+m=ttmft mi 2B 
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±m*mLtzxmmm 5 zz-fm&Lts&zc t^mx&itzo mn^^\^ 
5 ^w^m^m^^i^mit^mt±^mi&.^m^fSix^^<Dx\ mm^.<o 
Ltzm=¥-±*) bi&mmxu—fmmL. wMiasvz>5£m&gi4 1 o~4 3 0 

nm(D&WX$>^tZo 

<mmms> 

10 #|£B^©ffe<DH;&fefl]£gI 1 3 A&Xflgl 1 3 BtcJ: OifeW^^o M^VftMteg. 
^iPJOifeiivXi' 4CD«J:9(C. S^£g|54 0 <D'* 9 — >?HiZ X r> X — 

o^pta^^s^s ^larc js k @ £ as zmmit-t zctx'<?- 

20 5: $ &izz<D±K¥mxm&ntei&&mfrbte&%itmtemt±B 
m&L&mzt&vtzBnmm&Mm.zmfjSLx£tzo co^> ^jf§#ii.£D:i>tt< 

25 (Dmmm^^p^w$L^^xiE^nM^<D^mm^M^^^ ?naot 

— ^(Ditm^M^^SL-t -Settle Lfco Ell 3Bi:^il7X? 

^ffll^ii^J:^ t^iI-e^^±®^WLfc^&M5^S^<b*<T'^s £ 

t> iz.*<D ±izw-mx'm£ 1 mtemikmfrz>u zmitrntkm t±mm$it&m &*&utz 
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1 / 4 MTt&m-t £ H £*<W*6T?& o tzo 
ttfc, Bll 3AUB1 3BXiiHl 3C©H-H' Brffifc^-To 
<^*fe#|9 > 

5 *%3B©fi!i3gfc8l&BI l 4 ARtfBI 1 4 BtCfc 5ttWt5o #F©ftl8tt*IIS 
« 8 icm C**<x Si 4 B {CTK-Tck *fel£lgvx 9 4 ©p5«8©^*ailRi3£S 
©^S — LTttttT*! < o C©^ -'^-v©^*^ 3?iJ©/< 

»/<^->©BBW*litT*5<o C©££> **»3*J'<*->±©#3MfcJi5 
10 ^r©±^l5^SS6^r-o©5bfe?gttat»it < !:^-So ^i-/^- 

>\zttLtzmBMlzMm&tiLZtl^*.*>lz.^ |fe«RT*/<-LT*5<o ^© 
ftfetts ^<«fc«3iR*0^o*7*gTx S3 1 4 Alc^-a-SmMJfffi (Ell 
4 BCD J - J' Wr®) 

" *mmmr*^ mi 3ci^ ifc^x^ ttzmmm s o 

©*§H. m 1 3 C LfclfelWK^;* * L/cHSfefll 8 4>*?£ >0'ptZ < <h 

bmm.n.m* 2/3^1/2 <Dmm\zm&-t2>z. £ a^tre* o 

<0£»U o > 

20 *»91©fli£dlE0!l&BI 1 5 A&tfgl 1 5 B tz£t) %¥<DftMJLmte 

aotfli9 \zmtz>i)<, mi 5Btc^-rj;^{c. ^17x^40^©^^ 

J&M©^ LTSfctf-Cfc < o ^^SB3^J©/^->_h{^ 

3?&&#jg£f*rSo M»j©^5-/^->{cifcSLfc3isa«jctt % 

£.lZt£{,^oiz£Mm-Cfi'<-l,tZo mi 5A(t SI 5BOK-K' »r®£^ 
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mft&*iifex*& i tz 0 c ©asm. rn.rn.rn mms oms*. o hmmtim^mM 
^mmm<o^Mm^ 1 5 ctCct^tfciE-rso ^©fFSUiH i 5 aoi^i: 

10 gS^[S] (Hi 5 B{c4o^S±TOfSj) {cSE#L/dgM^<o/«£7&<t>^:c^ 
tcj;^ HI 5 A©»lcttJ!.&nttl\ *- KftffcWt&T? 

f^^ufcs**- K»f^-e*ofc 0 co^n. hi 5 A&mi'tmmz.. m&m 

20 9 \z&^T&*tlKmmit\tiJl&K)'p-tS.< th 3f&J^±©i^tf3^^ti<t L/Co 
25 

<HSfefl!l l > 
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z>tiz>±D \z.&m.t s c £ a<« u \> c<D£r> umiRj&gi&m v s-r c t 
5 -£&©*<. c©&fls,®&©a&re&s 0 

15 &t>©-e£>s 0 fiP^ i&g©#fe^^x^-e*^if^^-> + yufi!(:S$ns^ 
t?^^ih°^^>' + ;l/fijtS$ns>iSa^©fe<i^(i 1 0 3 ~1 0 4 /cm 2 © 

^ m%mim*mft£iH<D\u-vm¥m#tf& m*-tf. caAs. inP) a^tt 
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